The regression oflung function change on the initial lung function level is biased when the initial level is measured with random error. Several methods have been proposed to obtain unbiased estimates of regression coefficients in such circumstances. We apply these methods to examine the relationship between lung function loss over 11 years and its initial level in 433 men aged about 20 when first seen. On theoretical and practical grounds the best method is the correction of the regression coefficient using the reliability coefficient. This is defined as the ratio of the error free variance to the variance ofthe variable measured with error, and is easily estimated as the correlation between repeat measurements of the underlying level. In young men the loss of some lung functions (forced vital capacity [FVC], forced expiratory volume in one second [FEVI], forced expiratory flow in the middle half of expiration, and the ratio FEVI/FVC) do not appear to be related to initial level.
In epidemiological research, it is often relevant to determine if a change in measurement of a variable between two occasions is related to the initial level of that variable. Random measurement or observational error in the initial measurement results in a biased estinate of this association. Despite extensive documentation of this phenomenon (regression to the mean) over several decades, ' inferences are often still based on associations which may well be explained by random measurement error, as recently pointed out in the case of blood pressure.5 The purpose of this paper is to review methods of analysis of change on initial level which attempt to take account of the consequences of random error of measurement and apply them to determine whether lung function loss is related to initial level in young men.
Theoretical considerations MEASUREMENT ERROR
The linear model of the relationship between change and initial level, assuming there is no measurement error and no confounding, is: 
L2-LI
The error component now includes (1 + 3L)61. which is not independent of M1 and therefore violates the necessary assumptions of regression analysis.6
The coefficient 1 + 1L is defined as aL21-X/aL-, X where aL2L1 is the covariance between LI and L2 and aL,2 is the variance of L . When Mi is used instead of Li, the use of CM XM2/aMX 2 
The corre eL is then obtained by subtracting 1 from +J3L. The regression coefficient for L estimated from samples can be corrected for random error of measurement by the method outlined above using estimates of G (6). The variance of a corrected regression coefficient is estimated approximately4 by:
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(1 + iL = 0) will be unaltered after correction if n and n I are very large; otherwise the test will be less significant. However, the hypothesis one wishes to test is whether change is independent of initial level, ie, whether PL = 0 or 1 + 3L = 1. If the biased estimate of rL is negative, the corrected estimate will approach zero or become positive and its standard error will increase. If the corrected estimate of PL is negative, the probability of rejecting the null hypothesis will be decreased. The reliability coefficient is estimated easily by the correlation between repeat measurements of the same underlying level (p).9 The reason is as follows. Imagine repeat measurements (MA and MB) of the same underlying level L. Assuming that 6 is independent of L and that 6A is independent of 6B, the expected value of the covariance of MA and MB will be the same as that of error free measurements LA and LB,' ie:
In the case of lung function measurements concerned with the detection of chronic airways obstruction, repeat measurements should be days or weeks apart so as to include both technical and short term biological components of the random error variance. This is in contrast to much of the published literature on lung function variability, in which random error of measurement is often assessed on only one piece of equipment by one technician and sometimes on only one occasion. 4 Correction of regression coefficients using the reliability coefficient is based on the assumption that random measurement error is normally distributed and independent ofthe true level oflung function.8 9 15 However, correction of regression coefficients is consistent if the error is not normally distributed, though the variance of the regression coefficient may be slightly biased. ' 
where n = sample size for calculation of I+1L, and n= number of pairs of measurements for calculation of G. As n and n1 approach infinity, the variance of the corrected regression coefficient decreases to This equation demonst-ttes the value of multiple measurement of a preoictor. However the method described uses the mean of Ml and M2 rather than repeat measurements at the time M1 is measured. The model is then:
The method partly takes account of the association between the predictor and the residual because the variance of the term Whether this effect is important in lung function data will be explored later in this paper when all of the above methods are applied to a data set. 30 The distributions of initial lung function data did not show any major deviations from normality. Lung function change data were also distributed reasonably symmetrically around the mean, though somewhat kurtosed.
Correlation coefficients (product-moment or Spearman) between potential confounders (smoking, the number of years worked in dusty occupations, age, weight change and the time between initial and final examinations) and initial lung function tests all had Table 4 The regression of change on initial measurement using various methods (n = 433) Regression Regression on corrected predicted Regression on LFI7 OLS regression using G initial LFT 
Discussion
The method we favour for correcting coefficients for random error of measurement is that using the reliability coefficient (Method 1). Apart from its appeal on conceptual grounds, its advantages over the other methods are as follows. (1) At first sight this appears contrary to the well known "horse racing effect" whereby loss is negatively associated with attained level, ie, the lower one's function, the more one loses. 8 This was first described in a data set on older men and is too large to be explained by the bias inherent in Method 3, which was used to correct for random measurement error in those data.'8 The effect occurs because lung function level in older men is in part determined by loss from the peak level attained in the early 20s until the age at which lung function is first measured. Subsequent loss is likely to be correlated with the loss prior to the first measurement and therefore with the first measurement itself. In our data, the first measurement was approximately at the time the peak level of lung function was attained. The lack of association of loss with level in young men is therefore not incompatible with the notion of the "horse racing" association in older men. However, our data do suggest that those Table 5 
